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Introduction
The opportunistic Propionibacterium acnes recovered frequently from failed endodontic treatments might be the result of nosocomial endodontic infections. The study was aimed to determine if gloves worn by dentists could be one of the sources of these nosocomial infections and to investigate the P. acnes phylotypes involved.
Methods
The cultivable microbiota of gloves (n=8) at 4 time-points (T1-immediately after wearing gloves, T2-after access-cavity preparation, T3-after taking a workinglength/master-cone radiograph, T4-before sealing the cavity) were identified using 16S rRNA gene sequencing. recA gene sequencing of P. acnes isolates was done.
The phylogenetic relationship were determined using MEGA 6
(http://www.megasoftware.net/fixed bugs.html). Data distributions were compared using Fisher's exact test; means were compared using Mann-Whitney U test in
SPSSPC.

Results
The 
Conclusion
Contamination of the gloves was detected at the final stages of the treatment. P.
*Manuscript Click here to view linked References
Introduction
Propionibacterium acnes (P. acnes) is an anaerobic-aerotolerant Gram-positive bacillus that is a commensal bacteria on human skin (1), oral cavity, large intestine, conjunctiva (2) and external ear canal (1, 3). Numerous studies have reported P.
acnes as an opportunistic pathogen associated with infections and inflammatory conditions (4-7). The P. acnes infections are also linked with surgery including brain abscesses (8) , osteomyelitis after lumbar puncture (9) , spodylodiscitis following epidural catheterization (10) , discitis after surgery (11) , post-operative mediastinitis (12) , endophthalmitis (13) and endocarditis (14) . Recently, P. acnes is emerging as a well recognized opportunistic pathogen causing various types of medical implant biofilm infection including intraocular implants (15) , breast implants (16) , neurosurgical shunts like ventroperitoneal and ventroatrial shunts (17) , cardiovascular devices like prosthetic heart valve (18), internal fracture fixation devices, spinal hardware (19) and late prosthetic joint infections (20, 21) .
Studies in dentistry have also identified P. acnes in parotid, periodontal and dental infections (21, 22) . P. acnes has been identified in studies on the endodontic microbiota (23, 24) but its importance as a pathogenic has largely been ignored, because of its presence on the skin and the consequent likelihood of sample contamination. Recent studies demonstrated that P. acnes recovered from primary and refractory endodontic infections is an opportunistic pathogen rather than a contaminant and might be the result of nosocomial infections occurring at the time of root canal treatment (25, 26).
P. acnes has been classified into four distinct evolutionary lineages by sequence 4 analysis of a non-ribosomal housekeeping gene (recA): type IA, IB, II and III, which display differences in inflammatory properties, production of virulence determinants and association with various conditions (21, 27, 28 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60  61  62  63  64 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60  61  62  63  64  65 7 worn on both hands at 4 time points during the treatment session; T1-immediately after wearing the gloves at the beginning of the treatment before touching anything with the gloved hands, T2-after access cavity preparation, T3-after taking a working length/master cone radiograph and T4-before sealing of the cavity prior to rubber dam removal (T4). The swabs were suspended into 1ml PRAS medium (Oxyrase, Mansfield, OH, USA) and immediately transported on ice to the laboratory.
Sterile swabs were also collected as negative control from the unhandled gloves taken immediately out from the glove boxes with the help of sterile tweezers. The swabs were plated on to the Fastidious Anaerobe Agar (FAA) supplemented with 5%
[v/v] horse blood (Lab M, UK) and incubated anaerobically (in MACS-MG-1000-anaerobic workstation) for 7 days and aerobically for 3 days at 37°C.
Microbial analysis of samples
Each sample (T1-T4) was dispersed by vortexing with glass beads, serially diluted in 160/glove) were randomly selected for Gram-staining and molecular identification.
The protocol used for selecting and picking the colonies was consistent with the one described in the previous studies (25, 26).
8
Identification of isolates
All randomly selected isolates were sub-cultured on FAA plates and grown for 24 h.
Bacterial genomic DNA was extracted by boiling 100 μl of a suspension of the cultured cells prepared in sterile dH 2 O for 10 min, followed by cooling on ice for 10 min and centrifuged at 13,000 × g for 2 min (21 The thermal cycling conditions included initial denaturation at 95°C for 3 min, denaturation at 95°C for 1 min, annealing at 55°C for 30 s, and extension at 72°C for 90 s, repeated for 35 cycles, and a final extension at 72°C for 10 min. Amplified products were run on a 0.5% agarose gel and visualized under UV transillumination.
Sequencing was performed as described above. 
Results
Quantitative Viable Counts from gloves at 4 time points (T1-T4)
No organisms were recovered from samples taken from unhandled gloves (negative control). The aerobic and anaerobic quantitative viable counts as log 10 Colony
Forming Units (CFU) increased from the beginning (T1) to the end of the treatment session (T4) ( Table 1) . Few bacteria were detected at the beginning of the treatment at T1, and the microbial load was significantly less (P < 0.001) than that at T2, T3
and T4. The quantitative viable counts at the end of the session (T4) [(aerobically Moreover, the aerobic viable counts after taking the radiograph (T3) were significantly greater (P < 0.05) than those before taking the radiograph (T2) ( Table   1) .
Cultivable taxa from gloves
In the 8 glove samples using 16S rRNA sequencing 80 cultivable bacterial taxa were detected amongst the 776 isolates recovered ( Table 2 ). The mean number of taxa from the gloves samples was 20.5 ± 4.9.
Microbiota was dominated by the Gram-positive facultative anaerobic organisms, 3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60  61  62  63  64 Table   2 ).
The most prevalent bacterial taxa isolated were P. acnes and Staphylococcus epidermidis from all 8 gloves samples (100%) ( Table 2 , Fig. 1 ). Other Propionibacteria isolated from gloves included P. avidum and Propionibacterium sp.
Oral Taxon193 Strain Met-C3. The mean proportion of P. acnes recovered from the gloves samples was 17.6% (range, 9.5% to 37.9%). Staphylococci including S. epidermidis, S. caprae and S. warneri were isolated from the gloves with S. epidermidis being the most prevalent one ( gordonii, S. mitis bv 2 were present on 50% of the samples (Fig. 1) . 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60  61  62  63  64  65 13 Partial recA sequences were obtained for 88 P. acnes isolates and on the basis of sequence alignment, 2 distinct phylogenetic lineages, type I and type II were identified. Type II was the predominant phylotype (n = 37). The Type I isolates segregated into two distinct groups, into which the sequences from known type IA (n = 27) and type IB (n = 24) sequences clustered (Fig. 1) .
Phylotyping of P. acnes isolates recovered from gloves
Comparison of the number of samples of gloves, primary endodontic infections (26) and refractory endodontic infections (25) yielding the different P. acnes recA phylotypes demonstrated that the number of primary endodontic samples (26) with P. acnes type II (1/8) is significantly different (p < 0.05) from both that of glove samples (6/8) and refractory endodontic samples (25). These were the only significant differences between the distribution of the P. acnes phylotypes among the sample types (Fig. 4) .
Richness of bacterial taxa recovered from gloves
The bacterial taxa identified from the 8 gloves samples belonged to 5 phyla including (Fig. 2) .
The next biggest phylum was Actinobacteria with 10 different Actinomyces species, 3 Propionibacterium species, 3 Corynebacterium species, 2 Rothia species, Kocuria 3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60  61  62  63  64 Moreover, Fusobacterium periodonticum belonging to phylum Fusobacteria was also identified in the samples (Fig. 2) .
Discussion
The main aim of the endodontic treatment is the removal of bacteria and their byproducts from the root canal space (43). During endodontic treatments an aseptic clinical protocol is essential since bacterial contamination has been shown to contribute to endodontic failure (32). This study demonstrated that the microbial load of gloves worn increased greatly from the beginning to the end of the session. Since the boxed examination gloves, Sempercare® Nitrile Gloves (Sempermed®, Semperit Industrial Products, Birmingham, United Kingdom) are clean but non-sterile therefore a few bacteria were isolated from these gloves at T1 when they were immediately worn before the initiation of patient treatment. Studies have shown that gloves can be contaminated before starting treatment (38, 39). The bacterial counts at T2 after access cavity preparation were significantly greater than at T1. Luckey et al. (2006) showed 10-fold increase in cultivable counts of the gloves after rubber dam placement when compared to freshly worn gloves suggesting that patient contact 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60  61  62  63  64  65 15 through rubber dam placement contaminated gloves significantly (34). In this study the counts after taking the radiograph (T3) and at the end of the treatment session (T4) were significantly greater than those before taking the radiograph (T2). This emphasizes that the bacterial contamination of these gloves might be from either patient's saliva or skin; or from the bacteria present in the environment/surgery that can be picked during the treatment procedure. Moreover, various studies on the integrity of surgical and examination gloves have showed that all gloves gradually lose their barrier integrity during use (44, 45). This discourages the prolonged use of the gloves to avoid cross-infection between the dentist and the patient. Therefore, we must improve our cross infection control procedures by introducing the protocol of changing the gloves frequently during the endodontic treatment whenever there is potential contamination like this study demonstrated that is after gaining access into the pulp space and also after taking the working length/master gutta-percha point radiographs.
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Microbial counts as log
Answer: Gloves were worn immediately after drying the hands.  Did they touch the surface ultimately sampled prior to placing the gloves on their hands?
Answer: The gloves were first worn and then the surfaces of the gloves were sampled. Therefore, there are chances that gloves surfaces that were sampled were handled by bare hands while putting them on.
 Does "immediately after wearing the gloves" mean sampling before touching anything with the gloved hands?
Answer: Yes, at T1 sampling was done immediately after wearing the gloves before touching anything with the gloved hands. This is added in the methods.
 How were the clinic operatory surfaces that would have been touched treated?
Answer: The clinical operatory surfaces were disinfected prior to treatment using Clinell universal wipes (GAMA healthcare Ltd., London, UK). The surfaces were separated into clean and dirty zones, and cling film barriers applied to the X-ray equipment including the collimator and exposure button, the operating microscope, the dental unit, and dental chair. Barrier sleeves (Henry Schein, Melville, USA) were placed over the 3 in 1 syringe, and hand pieces (added in the Methods section. : (Page 6/line 11)
 Who handled the Xray equipment -were these surfaces covered with a barrier?
Answer: The postgraduate dentist carrying out the treatment positioned the phosphor plate covered with a Soredex Opticover™ (SOREDEX, UK) within a Rinn endodontic holder (Dentsply, UK) and the x-ray tube, which was covered with a cling film barrier.
3) Figure 4 -suggest including a descriptor for X axis, such as "phylotypes".
Answer: Figure 4 has been corrected as suggested and X-axis title is added as "P. acnes phylotype". 3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60  61  62  63  64  65 Reviewer #1: The authors should be applauded for writing this noteworthy manuscript titled, "Gloves contamination during endodontic treatment is one of the sources of nosocomial endodontic Propionibacterium acnes infections". Introduction:
1) "Recent studies demonstrated that P. acnes recovered from primary and refractory endodontic infections is an opportunistic pathogen rather than a contaminant and might be the result of nosocomial infections occurring at the time of root canal treatment (25-28)." References # 27 and #28 do not pertain and support the statement provided by the authors.
Answer: We appreciate comments of the referee and references # 27 and # 28 has been deleted and subsequent cited references have been renumbered.
2) Introduction: "Contamination of the gloves by patient's saliva or skin or by bacteria present in the surgery can cause the inoculation of these bacteria into the root canal during the treatment." Reference is needed.
Answer: Reference has been added. Answer: We appreciate the comment of the referee. Table 1 showed that both aerobic and anaerobic viable counts increased from T2 to T3. At T2-Aerobic counts were (1.80± 0.54) and increased to (2.44 ± 0.41)] at T3; Similarly at T2-Anaerobic counts were (2.41 ± 0.71) and increased to (2.86± (0.68) at T3. Statistically significant increase was found between T2 and T3 aerobically. There is no technical error; the results showed that although there was an increase in the viable counts of both aerobic as well as anaerobic bacteria on gloves, however after taking the radiograph only the aerobic bacteria significantly increased on the gloves. This could be related to the contact of the gloved hands with the external surfaces while taking the radiograph like x-ray equipment, which is more likely to harbour aerobic than anaerobic bacteria, which are more commonly present in the oral cavity. At T2-1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60  61  62  63  64  65 aerobic counts were (1.80± 0.54) and increased to (2.44 ± 0.41)] at T3; Similarly at T2-anaerobic counts were (2.41 ± 0.71) and increased to (2.86± (0.68) at T3. Moreover, the aerobic viable counts after taking the radiograph (T3) were significantly greater (P < 0.05) than those before taking the radiograph (T2) ( Table 1)  The results of the study in Table 1 clearly showed that both aerobic and anaerobic CFU's increased significantly from the beginning at T1 to the end of the treatment session at T4 (P < 0.001).
 The increase in the aerobic and anaerobic viable counts with the significance difference only found in the aerobic CFU's is explained while answering the above question.
 Table 1 has been update with more details of the statistical difference and the results showed that at T4 aerobic quantitative viable counts are also significantly greater than those at T3 (P < 0.05). Moreover Values at T3 are significantly greater than T1 (P < 0.001).
Reviewer #2: The authors are commended for raising the awareness of microbial contamination during endodontic treatment.
